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PHA gMACEUTICA IiC ^4POSITIONS COMPRISING SYNTHETIC PEPTIDE ^ 
COPOLYMERS AND METH ODS FOR PREVE NTING AND TREATING GVHD_AND^ 

-m^QD^ 

FIELD OF THE INVENTION 

The present invention provides compositions and 
methods for prevention and treatment of graft rejection in 
transplantation of tissues and organs from HLA matched and 
unmatched allogeneic human donors, as well as xenografts from 
donors of other species. Transplanted organs include hearts, 
lungs, kidneys, livers, skin and other organs or tissues 
transplanted from donor to recipient. The present invention 
also relates to compositions and methods for preventing or 
treating* graf t-versus-host disease in bone marrow 
transplantation. 

BACKGROUND OF THE INVENTION 

Transplantation systems such as organ 
transplantations and bone marrow reconstitution have become 
important and effective therapies for many life threatening 
diseases. However, immune rejection is still the major 
barrier for successful transplantation. This is manifested 
in functional deterioration and graft rejection in the case 
of organ transplantation (host-versus-graf t disease, or 
HVGD) . Another manifestation of pathological immune 
reactivity is graf t-versus-host disease (GVHD) that occurs in 
approximately 30% of bone marrow recipients. Up to* half of 
those patients who develop GVHD may succumb to this process. 
This high morbidity and mortality has led to continuous 
interest in the possibility of controlling or preventing 
GVHD. 

Clinicopathologically, two forms of GVHD have been 
recognized. Acute GVHD develops within the first 3 months 
after bone marrow transplantation and features disorders of 
skin, liver and gastrointestinal tract. Chronic GVHD is a 
multiorgan autoimmune-like disease, emerging from 3 months up 



to 3 years post-transplantation and shares features common to 
naturally occurring autoimmune disorders, like systemic lupus 
erythematosus (SLE) and scleroderma. 

Current available approaches for prevention of GVHD 
5 and HVGD include the use of non-specific immunosuppressive 
drugs, such as cyclosporine, FK506, methotrexate and/or 
prednisone . However, these treatments induce severe side 
effects, including nephrotoxicity, hypertension, 
hypercholesterolemia, diabetogenic effects, neurotoxicity, 
10 hirsutism and gengival hyperplasia. Moreover, the 

unselective depression of the entire immune system renders 
83 patients vulnerable to infections . Despite chronic 

££ administration of immunosuppressive agents, transplantations 

01 have limited success as a therapeutic approach for long term 

15 survival. Given these limitations, traditional 
3 immunosuppressive therapies cannot overcome the rejection of 

m HLA unmatched transplants and xenografts. Hence, these 

traditional therapies do not solve the problem of the acute 
q and growing shortage of human donors. 

20 The pathological process of immune rejection is 

mediated by T-cells that recognize alloantigens presented on 
self major histocompatibility complex (MHC) molecules, as 
non-self. They then proliferate, secrete cytokines, and 
recruit additional inflammatory and cytotoxic cells (Sykes et 
25 al., 1996) . In MHC matched bone marrow transplantation, GVHD 
is caused by the competent donor T cells reacting against 
minor histocompatibility antigens of the recipient. The 
donor T cells are sensitized to such alloantigens and then 
directly, or through secondary signals, attack the host 
30 cells. In order to prevent immune rejection, it is therefore 
essential to inhibit antigen presentation and consequently T- 
cell activation. It has been demonstrated that small 
synthetic peptides of 11-14 amino acids with high binding 
affinity for specific class II MHC molecules, were capable of 
35 preventing murine graf t-versus-host disease (Schlegel et al., 
1994) . This approach, however, has been limited by the need 
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for allelic specificity of the inhibitor peptides to the MHC 
haplotype of the donor/recipient, as well as by the 
difficulty of achieving sustained tissue levels of such low 
molecular weight peptides over a prolonged period of time. 
5 A high molecular weight synthetic basic random 

copolymer consisting of L-Ala, L-Glu, L-Lys and L-Tyr 
residues in the molar ratio of about 6 parts Ala to 2 parts 
Glu to 4.5 parts Lys to 1 part Tyr, and having a molecular 
weight of 15,000-25,000, was first described in US Patent No. 

10 3,849,550 as an agent for treatment or prevention of 

experimental allergic encephalomyelitis (EAE) , a disease 
resembling multiple sclerosis (MS) that can be induced in 
susceptible animals. Batches of this copolymer of average 
molecular weight 23,000, designated Copolymer 1 or Cop 1, 

15 were shown to be highly effective in protecting and 

suppressing EAE in several animal species (Teitelbaum et al., 
1971, 1974a, 1974b) . 

D-Copolymer 1 or D-Cop 1, in which the four amino 
acids have the D-conf iguration, namely a random copolymer 

2 0 containing the D-Ala, D-Glu, D-Lys and D-Tyr residues, has 
also been described (Webb et al., 1976). 

Later, Cop 1 was found to significantly reduce the 
number of relapses in patients with the exacerbating- 
remitting form of MS (Bornstein et al., 1990; Sela et al . , 

25 1990; Johnson et al., 1994). Copolymer 1, in the form of the 
acetate salts of synthetic polypeptides containing L-Glu, L- 
Ala, L-Tyr and L-Lys with an average molar fraction of 0.141, 
0.427, 0.095 and 0.338, is the active ingredient of 
COPAXONE®, a medicament for the treatment of multiple 

30 sclerosis. 

The mechanism underlying the therapeutic activity 
of Cop 1 in MS has been extensively studied. Cop 1 was found 
to be immunologically cross-reactive with myelin basic 
protein (MBP) , the main autoantigen in EAE and MS. Its 
35 suppressive effect results from several mechanisms, such as 

inhibition of the autoreactive pathogenic T-cells on one hand 
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(Teitelbaum et al . , 1988), and stimulation of suppressor 
cells on the other hand (Aharoni et al . , 1993). The first 
step essential for the activation of these specific processes 
is the binding of Cop 1 to the histocompatibility molecules. 
Indeed, it has been shown that Cop 1, in two different 
batches of molecular weight 5,550 and 8,600, and relative 
molar ratio of L-Ala (4.1-5.8 residues), L-Glu (1.4-1.8 
residues), L-Lys (3.2-4.2 residues) and L-Tyr (1 residue), 
binds very efficiently to a variety of MHC class II molecules 
of mouse and human origin, and furthermore competes with MBP 
and its major epitope p8 4-102 for MHC binding and can even 
displace such antigens that had already been bound to the MHC 
molecule ( Fridkis-Hareli et al . , 1994). 

Mixed lymphocyte reaction (MLR) which is used 
clinically to assess immune rejection between donors and 
recipients was inhibited by Cop 1 (Schlegel et al., 1996). 
Cop 1 prevents GVHD in a murine model of lethal GVHD, which 
mimics MHC matched bone marrow transplantation in human 
(Schlegel et al . , 1996). Thus, post transplantation 
administration of Cop 1 over a limited time after 
transplantation significantly reduced the incidence onset and 
severity of disease, resulting in improved long-term 
survival. Studies on the effect of Cop 1 on various 
processes involved in the pathological course of immune 
rejection showed that Cop 1 inhibited T cell proliferation in 
response to host cell (Aharoni et al . , 1997). Cop 1 
treatment completely abolished cytotoxic activity toward 
grafts, prevented the pro-GVHD IL-2 and IFN-y cytokine 
secretion, and induced beneficial Th2 anti-inflammatory 
response. In view of these cumulative data, Cop 1 is a 
candidate drug for the prevention of GVHD in humans. See WO 
96/32119 and U.S. Patent No. 5,858,964. 

None of the prior art publications describes or 
suggests that Cop 1 may be used to prevent or to treat HVGD, 
nor that there are other copolymers useful for preventing or 
treating GVHD or HVGD. 



The nomenclature GLAT copolymer or YEAK copolymer 
has also been used for Cop 1. Thus, hereinafter in the 
specification and in the claims, the terms Copolymer 1, Cop 
1, L-GLAT and L-YEAK will be used interchangeably for the L 
5 form of Cop 1, and the terms D-Copolymer 1, D-Cop 1, D-GLAT 

and D-YEAK will be used interchangeably for the D form of Cop 
1 . 

SUMMARY OF THE INVENTION 

10 The present invention is based on the surprising 

discovery that not only is Copolymer 1 useful for the 
treatment of GVHD, but it is also useful for the treatment of 
hi HVGD. Furthermore, heteropolymers other than the specific 

JJ; composition of Copolymer 1 can be used both for the GVHD 

vi 15 indication and for the HVGD indication. 

Thus, the present invention provides a 
pharmaceutical composition for use in the prevention and 
treatment of graf t-versus-host disease and host-versus-graft 
disease comprising random heteropolymers of amino acids. The 
20 polymers comprise random copolymers comprising a suitable 

quantity of an amino acid of positive electrical charge, such 
as lysine or arginine, in combination with an amino acid with 
a negative electrical charge (preferably in a lesser 
quantity) , such as glutamic acid or aspartic acid, optionally 
25 in combination with an electrically neutral amino acid such 
as alanine or glycine, serving as a filler, and optionally 
with an amino acid adapted to confer on the copolymer 
immunogenic properties, such as an aromatic amino acid like 
tyrosine or tryptophan. As Copolymer 1 (all L) and D- 
30 Copolymer 1 (all D) are already known for the treatment of 
GVHD, the present invention specifically excludes both 
Copolymer 1 and D-Copolymer 1 when the indication is GVHD. 

More specifically, the pharmaceutical composition 
for use in preventing and treating graf t-versus-host disease 
35 (GVHD) and host-versus-graft disease (HVGD) comprises at 
least one copolymer selected from the group consisting of 
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random copolymers comprising one amino acid selected from 
each of at least three of the following groups: 

(a) lysine and arginine; 

(b) glutamic acid and aspartic acid; 

(c) alanine and glycine; 

(d) tyrosine and tryptophan, 

provided that the copolymer is not Copolymer 1 or D-Copolymer 
1 when the disease being treated is GVHD. 

In one embodiment of the invention, the copolymer 
contains four different amino acids each from one of the 
groups (a) to (d) . A preferred copolymer according to this 
embodiment of the present invention comprises in combination 
alanine, glutamic acid, lysine, and tyrosine, of net overall 
positive electrical charge and of a molecular weight of about 
2,000 to about 40,000 daltons, preferably of about 2,000 to 
about 13,000 daltons. The most preferred example is 
Copolymer 1 of average molecular weight of about 4,700 to 
about 13,000 daltons. It is clear that this is given by way 
of example only, and that the composition can be varied both 
with respect to the constituents and relative proportions of 
the constituents if the above general criteria are adhered 
to. 

In another embodiment, the copolymer contains three 
different amino acids each from one of three groups of the 
groups (a) to (d) . These copolymers are herein referred to 
as terpolymers . 

Thus, the present invention is also directed to 
pharmaceutical compositions which include a therapeutically 
effective amount of a random terpolymer consisting 
essentially of amino acids tyrosine (or tryptophan) , alanine 
(or glycine) and lysine (or arginine), preferably tyrosine, 
alanine and lysine, in the molar ratio of from about 0.005 to 
about 0.25 tyrosine, from about 0.3 to about 0.6 alanine, and 
from about 0.1 to about 0.5 lysine, along with a 
pharmaceutically acceptable carrier. This terpolymer, 



hereinafter designated YAK, is preferably substantially free 
of glutamic acid. 

The present invention further provides a 
pharmaceutical composition which includes a therapeutically 
effective amount of a random terpolymer consisting 
essentially of glutamic acid (or aspartic acid) , tyrosine (or 
tryptophan) , and lysine (or arginine) , preferably glutamic 
acid, tyrosine, and lysine, in the molar ratio of from about 
0.005 to about 0.300 glutamic acid, from about 0.005 to about 
0.250 tyrosine, and from about 0.3 to about 0.7 lysine, and a 
pharmaceutical ly acceptable carrier . This terpolymer, 
hereinafter designated YEK, is preferably substantially free 
of alanine. 

The present invention is also directed to 
pharmaceutical compositions which include a therapeutically 
effective amount of a random terpolymer consisting 
essentially of the amino acids tyrosine (or tryptophan) , 
glutamic acid (or aspartic acid) and alanine (or glycine) , 
preferably tyrosine, glutamic acid and alanine, in the molar 
ratio of from about 0.005 to about 0.25 tyrosine, from about 
0.005 to about 0.3 glutamic acid, and from about 0.005 to 
about 0.8 alanine, and a pharmaceutically acceptable carrier. 
This terpolymer, hereinafter designated YEA, is preferably 
substantially free of lysine. 

The present invention also provides a 
pharmaceutical composition which includes a therapeutically 
effective amount of a random terpolymer consisting 
essentially of glutamic acid (or aspartic acid) , alanine (or 
glycine) and lysine (or arginine), preferably glutamic acid, 
alanine and lysine, in the molar ratio of from about 0.005 to 
about 0.3 glutamic acid, from about 0.005 to about 0.6 
alanine, and from about 0.2 to about 0.7 lysine, and a 
pharmaceutically acceptable carrier. This terpolymer, herein 
after designated KEA, is preferably substantially free of 
tyrosine . 



The present invention further provides methods for 
treating and preventing GVHD or HVGD in a mammal by 
administering a therapeutically effective amount of a 
composition comprising at least one copolymer selected from 
the group consisting of random copolymers comprising one 
amino acid from at least three or four of the following 
groups : 

(a) lysine and arginine; 

(b) glutamic acid and aspartic acid; 

(c) alanine and glycine; 

(d) tyrosine and tryptophan 

provided that the random copolymer is not Copolymer 1 or D- 
Copolymer 1 when the disease is GVHD. 

The prevention and/or treatment of graft rejection 
contemplated by the present invention includes 
transplantation of organs or tissues from HLA matched and 
unmatched allogeneic human donors, or xenografts from donors 
of other species. Such transplanted grafts include hearts, 
lungs, kidneys, livers, skin and other organs or tissues 
transplanted from donor to recipient. 

Therapeutically effective amounts of Copolymer 1, 
according to the present invention, are about 1.0 mg to about 
500.0 mg. Preferably, such therapeutically effective amounts 
of Copolymer 1 are about 20.0 mg to about 100.0 mg. 

The copolymers used in the present invention 
preferably have an average molecular weight of about 5,500- 
10,000 Da, more preferably of 6,000-8,000 Da, and most 
preferably, of about 6,000 or of about 8,000. For the 
purposes of the present invention, terpolymers comprised of 
these amino acids will also be referred to as copolymers. 

The amino acid residues of the groups (a) to (d) 
above may all have the L-conf iguration or the D configuration 
or some of the residues may have the L- and the others the D- 
conf iguration . 

When the copolymer consists of the Glu, Lys, Ala 
and Tyr residues, preferred molar ratios of the amino acid 
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residues include the relative molar ratios 1.7 Glu to 3.8 Lys 
to 4.9 Ala to 1.0 Tyr, and 1.9 Glu to 4.0 Lys to 6.0 Ala to 1 
Tyr . 

Although the present specification describes some 
preferred embodiments of the invention, it is to be 
understood that the present invention encompasses the use of 
any synthetic random copolymer of at least three of Glu or 
Asp, Lys or Arg, Ala or Gly, and Tyr or Trp, having a 
relative molar ratio of the amino acid residues and an 
average molecular weight as defined herein, including those 
forms of Cop 1 described in the literature that fall within 
the definition of the present invention, but excluding 
Copolymer 1 and D-Copolymer 1 for the treatment of GVHD. 

In another aspect, the invention relates to the use 
of the random copolymers described above for the manufacture 
of a medicament for prevention and treatment of graf t-versus- 
host disease or host-versus-graf t disease, but excluding 
Copolymer 1 and D-Copolymer 1 for the treatment of graft- 
versus-host disease . 

In a further embodiment, the invention relates to a 
method of treatment of a patient for prevention and treatment 
of graf t-versus-host disease and/or host-versus-graf t disease 
in the course of bone marrow and organ transplantation, said 
method comprising administering to said patient effective 
amounts of said random copolymers, but excluding Copolymer 1 
and D-Copolymer 1 for the treatment of Graf t-versus-host 
disease . 

In a preferred embodiment, the random copolymer is 
used according to the invention for prevention of Graft- 
versus-host disease and/or Host-versus-graf t disease in 
allogeneic bone marrow transplantation, optionally together 
with other immunosuppressive agents. 

The preferred copolymer according to the present 
invention for the treatment of HVGD is Copolymer 1. 



BRIEF DESCRIPTION OF THE FIGURES 

It should be noted that Figs. 1, 4 and 5 
hereinbelow correspond to Figs. 1, 2 and 3, respectively, of 
US Patent No. 5,858,964 and Figs. 2 and 3 to Figs. 1 and 3, 
respectively, of Schlegel et al . f 1996, and are presented 
herein for the matter of illustration only. GLAT in Figs. 1- 
5 is Copolymer 1/Cop 1. 

Figs. 1A-B show the inhibition of secondary mixed 
lymphocyte reaction (MLR) across minor as well as major 
histocompatibility barriers, caused by several peptides. The 
peptides L-GLAT, MBP Acl-11 [4A] , MBP 35-47, a mixture of MBP 
Acl-11[4A] + MBP 35-47, MBP 89-101 and KM-core (all described 
in Materials and Methods hereinafter) were tested (20 j^g/well 
of each peptide) for their ability to inhibit the 
proliferation of BIO. PL (H-2 U ) mice responder cells to 
stimulator cells of either the same haplotype (PL/J mice, 
Fig. 1A) or of a different H-2 haplotype (BALB/c mice, Fig. 
IB) . 

Figs. 2A-E are graphs showing dose-dependent 
inhibition of the MLC across major histocompatibility 
barriers (Figs. 2A-2D, H-2 d anti H-2 u,k ' b ' s , E, H-2 b anti H-2 d ) . 
Responder spleen cells (2.5 x 10 5 ) were incubated with 2.5 x 
10 5 irradiated (30 Gy, Cs source) spleen stimulator cells as 
described in Materials and Methods in a final volume of 200 
nl . GLAT or HEL were added at the indicated concentrations 
(10-100 i^g per well) . After 96 hours of incubation, cultures 
were pulsed with 1 jaCi [ 3 H] thymidine for an additional 16 
hours. Similar degrees of inhibition by GLAT were observed 
using various amounts of stimulator cells (2.5, 5,0 or 10 x 
10 5 , data not shown) . No inhibition was observed with the 
addition of HEL in any of the strain combinations tested. 
Results represent one of five experiments with similar 
results . 

Figs. 3A-D are graphs showing the effect of 
treatment with GLAT on the induction of GVHD in B10.D2/nSnJ -> 
BALB/c recipients (squares, GLAT, Batch III, n=25; circles, 
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phosphate-buffered saline (PSB) [PBS], n-26; triangles, 
chicken egg lysozyme (HEL) , n=10) . Fig. 3A shows onset of 
GVHD in individual mice of the experimental groups. The 
median disease onset is indicated by lines (day 73 for GLAT , 
day 21 for PBS, and day 22 for HEL) . Statistical analysis by 
% 2 distribution. Day 30 after transplant: P < 0.001, 
incidence of GVHD in GLAT-treated mice (3/25) compared to the 
incidence in mice treated with PBS (26/26), or with HEL 
(10/10). Day 70 after transplant: P < 0.001, incidence of 
GVHD in GLAT-treated mice (12/25) compared to PBS-treated 
(26/26), or P < 0.02, compared to HEL-treated mice (10/10). 
Fig. 3B shows maximum disease severity in individual mice of 
the experimental groups. The median disease severity is 
indicated by lines (2.0 for GLAT, 5.5 for PBS, 6.5 for HEL). 
Fig. 3C shows actuarial survival from lethal GVHD. The 
median survival times (days) for the experimental groups are 
as follows: > 140 days for GLAT, 47 for PBS, and 41 for HEL. 
Statistical analysis by Mann-Whitney test: P < 0.01, GLAT- 
treated mice compared to control mice treated with either PBS 
or HEL. Fig. 3D shows mean body weight curves after 
transplant. Data given in Figs. 3A-D are pooled from three 
similar experiments . 

Figs. 4A-B show the effect on survival of BALB/ c 
mice transplanted with bone marrow and spleen cells form 
B10.D2 mice after treatment with L-GLAT (Batch I), HEL or 
PSB (Fig. 4A) or with L-GLAT (Batch II), HEL, PBS or TGA 
polymer (Fig. 4B) . 

Fig. 5 shows the effect on survival of BALB/c mice 
transplanted with bone marrow and spleen cells from B10.D2 
mice after treatment with D-GLAT or PBS. 

Fig. 6 depicts the effect of Cop 1 treatment on 
skin graft rejection in BALB/c mice receiving skin grafts 
from B10D2 donor mice. The percent survival of the B10D2 
skin was used as a measure of skin graft rejection or 
acceptance. Cop 1 treatment was compared to treatment with 
PBS, and treatment with two known immunosuppressive agents, 



cyclosporin A (CyA) and FK 506. The BALB/c recipient mice 
were treated daily with: (1) PBS injected ip (squares) from 
the seventh day prior to skin grafting; (2) Cop 1 injected 
daily ip and subcutaneously (sc) from the seventh day prior 
to skin grafting at a dosage of 300 jig/day (small circles) 
and 600 ^g/day (large circles) ; (3) CyA injected ip (white 
triangles) at a dosage of 1 ^g/day from the seventh day prior 
to skin grafting and (4) FK 506 injected seven times ip 
(black triangles) at a dosage of 300 j^g/day from the second 
day prior to transplantation. Skin grafts were inspected 
daily. Rejection was considered positive when no viable 
donor epidermis remained. 

Figs. 7A-D show the effect of Cop 1 treatment on 
thyroid function in different mice strains (Figs. 7A, 7B - 
BALB/c mice receiving grafts from B10.D2 donor mice; Fig. 7C 
- C3HSH mice receiving grafts from C57BL donor mice; and Fig. 
7D - PLJ mice receiving grafts from B10. PL donor mice). 
Thyroid glands from donor mice were transplanted in the 
kidney capsules of recipient mice. After one week the 
transplanted mice were injected with 125 I, and the 
radioactivity of each kidney was measured 20 hours later. 
For each strain combination the mean 125 I absorbance of the 
recipient kidneys (solid bars) and the mean 125 I absorbance of 
the untransplanted kidneys (striped bars) is demonstrated. 
PBS or Cop 1 (600 \ig per day) were injected daily 
intraperitoneally (ip) from the seventh day prior to thyroid 
grafting. 

Fig. 8 shows the effect of Cop 1 treatment on 
grafted thyroid function in BALB/c mice in which thyroid 
glands from B10D2 donor mice were transplanted into the 
kidney capsules. Cop 1 treatment (600 jig/day Cop 1 injected 
ip daily from seventh day prior to transplantation) was 
compared to treatment with PBS (injected ip daily from 
seventh day prior to transplantation), cyclosporin A (1 
ng/day CyA injected ip daily from seventh day prior to 
transplantation) and FK 506 (300 ng/day injected ip seven 



times from second day prior to transplantation) . One week 
from transplantation, the transplanted mice were injected 
with 123 I and the radioactivity of each was measured twenty 
hours later. The mean 125 I absorbance of the recipient 
kidneys (solid bars) and the mean 125 I absorbance of the 
untransplanted kidneys (striped bars) is depicted. 

DETAILED DESCRIPTION OF THE INVENTION 

The random copolymers used in the present invention 
represent a novel therapeutic approach to treat human host- 
versus-graft disease for effective organ transplantation. 
Furthermore, a broader class of random copolymers than the 
previously disclosed Copolymer 1 is presented for the 
treatment of Graf t-versus-host disease, particularly with 
regard to bone marrow transplantation. 

The copolymers for use in the present invention can 
be composed of L- or D-amino acids or mixtures thereof. As 
is known by those of skill in the art, L-amino acids occur in 
most natural proteins. However, D-amino acids are 
commercially available and can be substituted for some or all 
of the amino acids used to make the terpolymers and other 
copolymers of the present invention. The present invention 
contemplates copolymers containing both D- and L-amino acids, 
as well as copolymers consisting essentially of either L- or 

D-amino acids . 

The average molecular weight and the average molar 
fraction of the amino acids in the copolymers can vary. 
However, a molecular weight range of about 2,000 to 40,000 
daltons is contemplated. A preferred molecular weight range 
is from about 2,000 to about 12,000 daltons. The copolymers 
can be from about 15 to about 100, preferably from about 40 
to about 80, amino acids in length. Preferred molecular 
weight ranges and processes for making a preferred form of 
Copolymer 1 is described in U.S. Patent No. 5,800,808, the 
entire contents of which being hereby incorporated in the 
entirety. 



In one embodiment, the terpolymers for use in the 
present invention contain tyrosine, alanine, and lysine, 
hereinafter designated YAK. The average molar fraction of 
the amino aids in these terpolymers can vary. For example, 
tyrosine can be present in a mole fraction of about 0.005 to 
about 0.250; alanine can be present in a mole fraction of 
about 0.3 to about 0.6; and lysine can be present in a mole 
fraction of about 0.1 to about 0.5. The average molecular 
weight is between 2,000 to about 40,000 daltons, and 
preferably between about 3,000 to about 35,000 daltons. In a 
more preferred embodiment, the average molecular weight is 
about 5,000 to about 25,000 daltons. It is possible to 
substitute arginine for lysine, glycine for alanine, and 
tryptophan for tyrosine. 

In another embodiment, the terpolymers for use in 
the present invention contain tyrosine, glutamic acid, and 
lysine, hereinafter designated YEK. The average molar 
fraction of the amino acids in these terpolymers can vary: 
glutamic acid can be present in a mole fraction of about 
0.005 to about 0.300, tyrosine can be present in a mole 
fraction of about 0.005 to about 0.250, and lysine can be 
present in a mole fraction of about 0.3 to about 0.7. The 
average molecular weight is between 2,000 and about 40,000 
daltons, and preferably between about 3,000 and about 35,000 
daltons. In a more preferred embodiment, the average 
molecular weight is about 5,000 to about 25,000 daltons. It 
is possible to substitute aspartic acid for glutamic acid, 
arginine for lysine, and tryptophan for tyrosine. 

In another embodiment the terpolymers for use in 
the present invention contain lysine, glutamic acid, and 
alanine, hereinafter designated KEA. The average molar 
fraction of the amino acids in these polypeptides can also 
vary. For example, glutamic acid can be present in a mole 
fraction of about 0.005 to about 0.300, alanine can be 
present in a mole fraction of about 0.005 to about 0.600, 
lysine can be present in a mole fraction of about 0.2 to 



about 0.7. The average molecular weight is between 2,000 and 
40,000 daltons, and preferably between about 3,000 and 35,000 
daltons. In a more preferred embodiment, the average 
molecular weight is about 5,000 to about 25,000 daltons. It 
5 is possible to substitute aspartic acid for glutamic acid, 
glycine for alanine, and arginine for lysine. 

In another embodiment, the terpolymers for use in 
the present invention contain tyrosine, glutamic acid, and 
alanine, hereinafter designated YEA. The average molar 
10 fraction of the amino acids in these polypeptides can vary. 
Q For example, tyrosine can be present in a mole fraction of 

Jj about 0.005 to about 0.250, glutamic acid can be present in a 

yJ mole fraction of about 0.005 to about 0.300, and alanine can 

S be present in a mole fraction of about 0.005 to about 0.800. 

W 15 The average molecular weight is between 2,000 and about 
7 s 40,000 daltons, and preferably between about 3,000 and about 

O 35,000 daltons. In a more preferred embodiment , the average 

S3 

|I molecular weight is about 5,000 to about 25,000 daltons. It 

is possible to substitute tryptophan for tyrosine, aspartic 

jl 20 acid for glutamic acid, and glycine for alanine. 

In a more preferred embodiment, the mole fraction 
of amino acids of the terpolymers is about what is preferred 
for Copolymer 1. The mole fraction of amino acids in 
Copolymer 1 is glutamic acid about 0.14, alanine about 0.43, 
25 tyrosine about 0.10, and lysine about 0.34. The most 

preferred average molecular weight for Copolymer 1 is between 
about 5,000 and about 9,000 daltons. The activity of 
Copolymer 1 both in the treatment of GVHD and HVGD is 
expected to remain if one or more of the following 
30 substitutions is made: aspartic acid for glutamic acid, 

glycine for alanine, arginine for lysine, and tryptophan for 
tyrosine . 

The molar ratios of the monomers of the more 
preferred terpolymer of glutamic acid, alanine, and tyrosine, 
35 or YEA, is about 0.21 to about 0.65 to about 0.14. 
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The molar ratios of the monomers of the more 
preferred terpolymer of glutamic acid, alanine and lysine, or 
KEA, is about 0.15 to about 0.48 to about 0.36. 

The molar ratios of the monomers of the more 
preferred terpolymer of glutamic acid, tyrosine, and lysine, 
or YEK, is about 0.26 to about 0.16 to about 0.58. 

The molar ratios of the monomers of the more 
preferred terpolymer of tyrosine, alanine and lysine, or YAK, 
is about 0.10 to about 0.54 to about 0.35. 

For purposes of the present invention, the random 
copolymers described herein specifically exclude Copolymer 1 
when the indication is GVHD. If necessary, the random 
copolymers may exclude any random mixture of heteropolymers 
containing all of glutamic acid, lysine, alanine and 
tyrosine . 

For the host-versus-graf t disease indication 
(transplant/graft rejections) the preferred active principle 
is Copolymer 1. Thus, in its preferred form, the present 
invention is directed to a pharmaceutical composition for the 
prevention and treatment of graft rejection, which includes a 
therapeutically effective amount of Copolymer 1 and a 
pharmaceutical^ acceptable carrier. 

The present invention in a further preferred 
embodiment is directed to methods for preventing and treating 
graft rejection which includes administering a 
therapeutically effective amount of Cop 1. 

According to the present invention, the limitations 
of currently available immunosuppression therapies used in 
patients about to undergo bone, marrow or organ 
transplantation are overcome by use of Copolymer 1 and other 
random copolymers as described herein. Copolymer 1 has been 
approved in several countries for the treatment of Multiple 
Sclerosis (MS) under the trade name, COPAXONE®, Glatiramer 
acetate. Several clinical trials demonstrated that Copolymer 
1 is well tolerated with only minor side reactions which were 



mostly mild reactions at the injection site (Johnson et al., 
1995) . 

Copolymer 1 binds promiscuously and with high 
affinity to various class II MHC molecules from mouse and 
human origin, and can even displace antigens from the MHC 
groove (Fridkis-Hareli et al., 1994). Mixed lymphocyte 
reaction, which is used clinically to assess immune rejection 
between donors and recipients, is also inhibited by Copolymer 
1 (Schlegel et al., 1996). 

When tissue from donor mice is transplanted to 
recipient mice, immune rejection generally occurs. This is 
manifested either by GVHD in bone marrow transplantation or 
graft rejection in organ transplantation. 

Copolymer 1 and D-Copolymer 1 were shown to prevent 
GVHD in a murine model of lethal GVHD which mimics matched 
bone marrow transplantation in humans (see U.S. Patent No. 
5,858,964 and Figs. 3-5 herein in the present application). 
According to the present invention, random copolymers other 
than Copolymer 1 and D-Copolymer 1 are envisaged for use in 
the prevention and treatment of GVHD. 

According to the present invention, Copolymer 1, D- 
Copolymer 1 and other random copolymers are envisaged to 
prevent or significantly delay graft rejection. As shown in 
the Examples hereinafter, Copolymer 1 is effective in 
suppressing in mice the rejection of grafts received from 
another mouse strain of the same MHC haplotype. Thus, graft 
rejection could be suppressed in BALB/c mice receiving grafts 
from B10.D2 donor mice, in C3HSH mice receiving grafts from 
C57BL donor mice, and in PJL mice receiving grafts from B10PL 
donor mice (see Figs. 6-8 and Tables 4 and 5 herein) . These 
transplantation mouse models are similar to the MHC matched 
organ transplantation in humans. Moreover, Copolymer 1 is 
also effective in suppressing in mice rejection of grafts 
from strains of different MHC haplotypes, for example, 
suppressing in BALB/c mice rejection of grafts received from 
C57BL donor mice (see Tables 4 and 5 herein) , a model which 



is similar to the MHC unmatched organ transplantation in 
humans. Thus, pre- and post-transplantation administration 
of Copolymer 1 over a limited time after transplantation can 
significantly reduce the incidence, onset and severity of 
5 immunorejection, resulting in improved long-term survival. 

As described before for the mechanism of action for 
GVHD (Aharoni et al., 1993), Copolymer 1 inhibits T cell 
proliferation in response to host cells. Copolymer 1 
treatment completely abolished cytotoxic activity towards 
10 host cells, preventing the secretion of cytokines like 
S interleukin 2 (IL-2) and interferon y ( IFN-y) , and induced a 

00 beneficial anti-inflammatory response. Similar effects can 

y[. occur in graft rejection disease. 

£ti The present invention is also directed to the use 

15 of terpolymers as defined herein for the prevention and 

treatment of GVHD and HVGD. The terpolymers can be made by 
any procedure available to one of skill in the art. For 
example, the terpolymers can be made under condensation 
conditions using the desired molar ratio of amino acids in 
20 solution, or by solid phase synthetic procedures. 

Condensation conditions include the proper temperature, pH, 
and solvent conditions for condensing the carboxyl group of 
one amino acid with the amino group of another amino acid to 
form a peptide bond. Condensing agents, for example 
25 dicyclohexyl-carbodiimide, can be used to facilitate the 

formation of the peptide bond. Blocking groups can be used 
to protect functional groups, such as the side chain moieties 
and some of the amino or carboxyl groups against undesired 
side reactions. 

30 For example, the process disclosed in U.S. Patent 

3,849,650, can be used wherein the N-carboxyanhydrides of 
tyrosine, alanine, y-benzyl glutamate and N e-trif luoroacetyl- 
lysine are polymerized at ambient temperatures in anhydrous 
dioxane with diethylamine as an initiator. The y-carboxyl 
35 group of the glutamic acid can be deblocked by hydrogen 

bromide in glacial acetic acid. The trif luoroacetyl groups 
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are removed from lysine by 1 molar piperidine . One of skill 
in the art readily understands that the process can be 
adjusted to make peptides and polypeptides containing the 
desired amino acids, that is, three of the four amino acids 
in Copolymer 1, by selectively eliminating the reactions that 
relate to any one of glutamic acid, alanine, tyrosine, or 
lysine. For purposes of this application, the terms "ambient 
temperature" and "room temperature" mean a temperature 
ranging from about 20 to about 2 6°C. 

The molecular weight of the terpolymers can be 
adjusted during polypeptide synthesis or after the 
terpolymers have been made* To adjust the molecular weight 
during polypeptide synthesis, the synthetic conditions or the 
amounts of amino acids are adjusted so that synthesis stops 
when the polypeptide reaches the approximate length which is 
desired. After synthesis, polypeptides with the desired 
molecular weight can be obtained by any available size 
selection procedure, such as chromatography of the 
polypeptides on a molecular weight sizing column or gel, and 
collection of the molecular weight ranges desired. The 
present polypeptides can also be partially hydrolyzed to 
remove high molecular weight species, for example, by acid or 
enzymatic hydrolysis, and then purified to remove the acid or 
enzymes . 

In one embodiment, the terpolymers with a desired 
molecular weight may be prepared by a process which includes 
reacting a protected polypeptide with hydrobromic acid to 
form a trif luoroacetyl-polypeptide having the desired 
molecular weight profile. The. reaction is performed for a 
time and at a temperature which is predetermined by one or 
more test reactions. During the test reaction, the time and 
temperature are varied and the molecular weight range of a 
given batch of test polypeptides is determined. The test 
conditions which provide the optimal molecular weight range 
for that batch of polypeptides are used for the batch. Thus, 
a trif luoroacetyl-polypeptide having the desired molecular 



weight profile can .be produced by a process which includes 
reacting the protected polypeptide with hydrobromic acid for 
a time and at a temperature predetermined by test reaction. 
The trif luoroacetyl-polypeptide with the desired molecular 
weight profile is then further treated with an aqueous 
piperidine solution to form a low toxicity polypeptide having 
the desired molecular weight. 

In a preferred embodiment, a test sample of 
protected polypeptide from a given batch is reacted with 
hydrobromic acid for about 10-50 hours at a temperature of 
about 20-28°C. The best conditions for that batch are 
determined by running several test reactions. For example, 
in one embodiment, the protected polypeptide is reacted with 
hydrobromic acid for about 17 hours at a temperature of about 
26°C. 

The random copolymers used in the present invention 
can be formulated into pharmaceutical compositions containing 
a pharmaceutically acceptable carrier. As used herein, 
"pharmaceutically acceptable carrier" includes any and all 
solvents, dispersion media, coatings, antibacterial and 
antifungal agents, isotonic and absorption delaying agents, 
sweeteners and the like. The pharmaceutically acceptable 
carriers may be prepared from a wide range of materials 
including, but not limited to diluents, binders and 
adhesives, lubricants, disintegrants, coloring agents, 
bulking agents, flavoring agents, sweetening agents and 
miscellaneous materials such as buffers and absorbents that 
may be needed in order to prepare a particular therapeutic 
composition. The use of such media and agents with 
pharmaceutically active substances well known in the art. 
Except insofar as any conventional media or agent is 
incompatible with the active ingredient, its use in the 
therapeutic compositions is contemplated. 

The present compositions are formulated into any 
form known in the art using procedures available to one of 
skill in the art. 
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The invention will now be illustrated by the 
following non-limiting examples. 

EXAMPLES 

MATERIALS AND METHODS 

(a) Preparation of Copolymer 1 and Controls 

(i) Copolymer 1/L-GLAT, was prepared by 
polymerization of the N-carboxyanhydrides of L-Ala, y-benzyl- 
L-Glu, N,e-trif luoroacetyl-L-Lys, and L-Tyr. The 
polymerization reaction was carried out at room temperature 
in anhydrous dioxane with diethylamine as initiator . 
Deblocking of the y-carboxyl groups of the glutamic acid was 
carried out with hydrogen bromide in glacial acetic acid for 
24 hours at room temperature, followed by removal of the 
trif luoroacetyl groups from the lysine residue by 1M 
piperidine. The end product is a mixture of acetate salts of 
random polypeptides with amino acid composition of Ala (4.1- 
5.8 residues), Glu (1.4-1.8 residues), Lys (3.2-4.2 
residues), Tyr (1 residue). Two L-GLAT batches were used in 
the experiments of GVHD: Batch I consisting of a copolymer 
of molecular weight of about 6,000, with the amino acids in 
the molar ratio of about 1.7 Glu to 3 . 8 Lys to 4 . 9 Ala to 1.0 
Tyr, and Batch II, consisting of a copolymer of molecular 
weight of about 8,000, with the amino acids in the molar 
ratio of 1.8 Glu to 4,0 Lys to 6.0 Lys to L0 Tyr. For the 
experiments of HVGD, two batches of Copolymer 1 were kindly 
provided by Teva Pharmaceutical Industries Ltd., Israel: 
Batch III consisting of a copolymer of molecular weight of 
about 5,800, with the amino acids in the molar ratio of about 
1.5 Glu to 3.7 Lys to 4 . 8 Ala to 1 . 0 Tyr, and Batch IV, 
consisting of a copolymer of molecular weight of about 7,150, 
with the amino acids in the molar ratio of 1.5 Glu to 3.2 Lys 
to 4.5 Ala to 1.0 Tyr. 

(ii) D-GLAT was prepared by polymerization of 
the N-carboxyanhydrides of the D-amino acids D-Ala, y-benzyl- 
D-Glu, N,e-trif luoroacetyl-D-Lys, and D-Tyr in a residue molar 



ratio of 5.6 : 2.2 : 4.6 : 1.0 with an average molecular 
weight of approx . 29,000. 

(iii) TGA or YEA is a random basic polymer of 
L-Tyr, y-benzyl-L-Glu, and L-Ala in a residue molar ratio of 
1.0 : 1.2 : 1.1. It was used as a negative control. 

(iv) Hen egg-white lysozyme (HEL) was obtained 
from Sigma Chemical Company (St. Louis, MO). 

(v) The following peptides were synthesized by 
standard Fmoc chemistry. All peptides were 95% to 99% pure, 
as determined by high-performance liquid chromatography, and 
were checked by amino acid analysis and mass spectroscopy. 
Sequences are given in single letter codes: 

• MBP Acl-11[4A], an acetylated N-terminal 1- 
11 peptide of myelin basic protein (MBP) , with substitution 
of the original Lys residue at position 4 by Ala: 

AC AS QAR P S QRHG (SEQ ID NO:l); 

• MBP 35-47, the epitope of MBP which is 
recognized in association with I-Eu: TGILDS IGRFFSG (SEQ ID 
NO : 2 ) ; 

• KM-core extension peptide, based on the 
antigenic core sequence of ovalbumin 323-339: KMKMVHAAHAKMKM 
(SEQ ID NO: 3) ; 

• MBP 89-101: VHFFKNIVTPRTP (SEQ ID NO: 4), 
was synthesized by t-butoxy-carbonyl chemistry. 

(b) Animals 

B10.D2/nSnJ (H-2 d ) , CBA (H-2 k ) , C57BL/6 and C3H 
(H-2 b ) , B10. PL and PL/J (H-2* 1 ) mice were purchased from 
Jackson Laboratories (Bar Harbor, ME) ; BALB/c (H-2 d ) recipient 
mice were obtained from Simonsen Laboratories (Gilroy, CA) or 
from Jackson Laboratories. 

(c) Mixed Lymphocyte Reaction (MLR) 

Responder cells for MLR reactions across major 
histocompatibility barriers were harvested from spleen of 
non-immunized mice while responder cells for MLR across minor 
histocompatibility barriers were harvested from mice which 
were preimmunized with irradiated (30 Gy) 50 x 10 6 stimulator 



spleen cells 21 days before. Responder cells (5 x 10 5 spleen 
cells per well) were tested for their proliferative response 
by plating with different amounts (2.5 to 10 x 10 5 ) of 
irradiated stimulator cells, in presence or absence of 
various peptide inhibitors (10-100 ng per well) . Cultures 
were set up in 200 jal media containing 10% FCS in flat-bottom 
microtiter plates. After 4 days of incubation, cultures were 
pulsed with 1 p.ci of [ 3 H] thymidine for an additional 16 hours. 
Results are represented as mean counts per minute (cpm) 
thymidine incorporation from triplicate cultures. 

(d) Bone Marrow Transplantation 

The murine GVHD model of B10.D2/nSnJ ~> BALB/c 
mice (both H-2 d ) across minor histocompatibility barriers, was 
selected since it is similar to the MHC matched bone marrow 
transplantation in humans. For the induction of GVHD, 10 x 
10 6 bone marrow and 100 x 10 6 spleen cells from B10.D2 mice 
were injected into lethally irradiated (8.0 Gy) BALB/c 
recipients. This regimen induces the most severe form of 
GVHD (Schlegel et al . , 1996) and was selected for all 
experiments of GVHD. Recipient mice were 12-13 weeks at the 
time of transplantation. 

(e) PCR Analysis 

Engraftment of donor bone marrow was 
documented by PCR amplification of a polymorphic 
microsatellite region within the murine IL-lb gene. Primer 
sequences are as follows: 5 ' -CCAAGCTTCCTTGTGCAAGTA-3 ' (SEQ 
ID NO: 5) and 5' -AAGCCCAAAGTCCATCAGTGG-3 ' (SEQ ID NO: 6) (Jacob 
et al., 1993). These sequences are available from EMBL/Gen- 
Bank/DDB J database (Bethesda, MD) under the accession 
numbers: X78456 and X78457. Oligonucleotides were 
synthesized on a 391 DNA synthesizer (Applied Biosystems, 
Foster City, CA) and were purified. DNA was prepared from 
peripheral blood mononuclear cells 80-120 days after 
transplantation according to standard protocols. PCR 
conditions and amplification were as described previously 
(Schlegel et al . , 1994). 



(f ) Treatment of GVHD 

Recipient BALB/c mice were treated with 
Copolymer 1, PBS, or with HEL. Based on previous studies 
with Cop 1 in EAE (Sela et al . , 1990; Teitelbaum et al., 
1971; Teitelbaum et al . , 1973) and class II-binding 
competitor peptides in GVHD (Schlegel et al . , 1994), the 
dosage of 600 jag per injection was selected, half of which 
was administered intraperitoneally (ip) , whereas the other 
half was given subcutaneously (sc) . Treatment of BALB/c 
recipient mice was initiated on day -1, followed by daily 
injections for the first five weeks starting on day 0 after 
transplantation. The frequency of injections was tapered to 
three times per week for the subsequent two weeks and to two 
times per week for another two weeks and then discontinued. 
Throughout the experiment, copolymers and controls were 
administered once a week with incomplete Freund' s adjuvant 
(IFA) ip as a depot dose (Schlegel et al . , 1994). Treatment 
was discontinued 9 weeks after transplantation. 

(g) Assessment of GVHD 

Mice were followed up daily for 140 days after 
bone marrow transplantation for signs of GVHD. Disease 
severity was assessed by mortality, loss of body weight, and 
by the extent of macroscopic skin involvement scored on a 
cumulative scale (from min 0 - max 8) : head 1, neck 1, back 
(1/3, 2/3, 3/3) 1-3, front (1/3, 2/3, 3/3) 1-3. Skin 
biopsies were examined as previously described (Schlegel et 
al. , 1994) . 

(h) Inhibition of Minor Histocompatibility (mH ) 
Antigen Presentation 

B10.D2 mice were injected ip. with irradiated 
(20 Gy) BALB/c spleen cells 72 hours prior to the assay. 
B10.D2 spleen cells were harvested, depleted of red blood 
cells (RBC) and used as irradiated (10 Gy) antigen-presenting 
cells (APC) presenting BALB/c mH antigens. For the primary 
assay, APC were plated at 2.5 x 10 5 cells per well in 96-well 
round-bottom plates and incubated with 2.5 x 10 5 nylon-wool- 



enriched responder T cells (> 88% CD3 + by FACS analysis) from 
naive B10.D2 mice in the presence or absence of increasing 
concentrations of Copolymer 1 (2.5-80 ng/well) . After 96 
hours of incubation, cells were pulsed with 1 ^Ci [ 3 H]- 
thymidine for an additional 16 hours before harvesting. In 
the secondary assay, irradiated APC were plated at 2.5 x 10 5 
cells/well in 96-well round-bottom plates, preincubated for 
24 hours at 37 °C with increasing concentrations of GLAT (2.5- 
80 |xg/well) or with medium alone, and thereafter washed three 
times before the addition of 2.5 x 10 5 nylon-wool-enriched 
responder T cells from naive B10.D2 mice. Culture medium was 
RPMI 1640, supplemented with 10% pre-screened fetal calf 
serum, 2 mM glutamine, 50 joM 2-mercaptoethanol , 100 U/ml 
penicillin, and 100 jig/ml streptomycin. 

(i) Skin Grafts Transplantation Model System for 
HVGD 

Skin graft rejection is a vigorous process, 
more difficult to suppress than the rejection of other organs 

(Isakov et al . , 1979) . This may be due to the high 
expression of MHC molecules in this tissue. The ability to 
postpone this rejection process is therefore significant. 
Recipient mice were dorsally transplanted with circular 
pieces of donor skin. Mice were inspected daily. Grafts 
were considered rejected when no viable donor epidermis 
remained. The results are expressed in mean survival time 

(MST) . P values were obtained by analysis of variance 

(ANOVA) . 

( j ) Thyroid Graft Assay 

In this transplantation model for HVGD, 
thyroid glands from donor mice were transplanted in the 
kidney's capsules of recipient mice. One week later the 
transplanted mice were injected with 125 I, and the 
radioactivity of each kidney (the recipient or the 
untransplanted kidney) was measured after 20 hours. Acpm was 
calculated by subtracting the 125 I absorbance of the 
untransplanted kidneys from the 125 I absorbance of the 



recipient kidneys in the same treatment. The mean function 
index (MFI) for treatment was calculated by dividing the mean 
Acpm for the tested (Copolymer 1) treatment by the mean Acpm 
for the PBS treatment. P values were obtained by the t test. 
This assay indicates objectively and quantitatively not only 
the graft survival, but also the function (iodine absorbance) 
of the transplanted thyroid tissue (Isakov et al., 1979). 
(k) Copolymer 1 Treatment for HVGD 

The transplanted mice were treated daily with 
Copolymer 1 600 ^g/day (300 ng ip + 300 \ig sc) in PBS 
solution, starting 7 days before transplantation. The first 
Cop 1 treatment on day -7 was injected sc in ICFA as a depot 
dose. Control mice were treated daily with PBS alone and PBS 
with ICFA on day -7 before transplantation. 

EXAMPLE 1 : Inhibition of Mixed Lymphocyte Reaction by Cop 1 

This example demonstrates the inhibition of mixed 
lymphocyte reaction (MLR) by Copolymer 1 and is presented 
here for illustration only. MLR, the proliferative response 
of allogeneic lymphocytes when cultured together, is 
considered an in vitro model for the recognition phase of the 
GVHD reaction, and is part of the routine screening for bone 
marrow donors. 

To investigate the feasibility of inhibition of MLR 
by Copolymer 1, an MLR system was developed in which 
Copolymer 1 was tested for its ability to inhibit the 
proliferation of B10. PL (H-2 U ) responder cells to stimulator 
cells of either the same (PL/J) or different (BALB/c) H-2 
haplotype. For comparison, the inhibitory MBP Ac 1-11 [4A], 
MBP 35-47, a combination of Ac 1-1 [4AJ + MBP 35-47, MBP 89- 
101 and KM-core peptides, described in Schlegel et al. 
(1994), were used in the MLR experiments. 

As shown in Fig. 1A for stimulator cells of PL/J 
mice and in Fig. IB for stimulator cells of BALB/c mice, 
Copolymer 1 (Batch I; 20 ng/well) significantly inhibited MLR 
across minor as well as major histocompatibility barriers- 



difference between the secondary proliferative responses of 
the groups tested. Responder cells that had been incubated 
with stimulator cells in the presence of Copolymer 1 for 72 
hours were equally responsive to IL-2 compared to non-treated 
5 cells. 
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EXAMPLE 3 : Inhibition of Proliferative Responses to Minor H 
Antigens In vitro 
B10.D2 mice were injected ip with irradiated (20 
Gy) BALB/c spleen cells 72 hours prior to the assay. B10.D2 
5 spleen cells were harvested, depleted of RBC and used as 

irradiated (10 Gy) APC presenting BALB/c mH antigens. APC 
were plated at 2 . 5 x 10 5 cells/well in 96-well round-bottom 
plates and incubated with 2.5 x 10 5 nylon-wool-enriched 
responder T cells (> 88% CD3* by FACS analysis) from naive 
10 B10.D2 mice in the presence or absence of increasing 

2 concentrations of Copolymer 1 (Batch I) (2.5-80 jag/well) . 

® After 96 hours of incubation, cells were pulsed with 1 jaCi 

UJ 

y± [ 3 H] -thymidine for an additional 16 hours before harvesting. 

As shown in Table 2, left, Copolymer 1 (Batch II) inhibited 
y3 15 the proliferative responses to mH antigens in a dose- 

dependent fashion. Maximum inhibition was 100% at a 

03 concentration of 80 |ag/well. 

It To further elucidate the mechanism of inhibition, a 

O second experiment was carried out: irradiated (20 Gy) APC 

IT 

20 were plated at 2 . 5 x 10 5 cells/well in 96-well round-bottom 
plates, preincubated for 24 hours at 37°C with increasing 
concentrations of Copolymer 1 (Batch II) (2.5-80 ^g/well) or 
with medium alone, and thereafter washed three times before 
the addition of 2.5 xl 0 5 nylon wool-enriched responder T 

25 cells from naive B10.D2 mice. Results are expressed as cpm 
from triplicate cultures. Standard deviations were < 20% of 
the mean. Culture medium was RPMI 1640, supplemented with 
10% pre-screened fetal calf serum, 2 mM glutamine, 50 |jM 2- 
mercaptoethanol, 100 U/ml penicillin, and 100 ng/ml 

30 streptomycin. As shown in Table 2, right, preincubation with 
Copolymer 1 inhibited proliferative responses to minor H 
antigens, suggesting that Copolymer 1 inhibits presentation 
of minor antigens in vitro. 
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EXAMPLE 4: Bone Marrow Transplantation in Mice, Induction of 
GVHD and Treatment with Copolymer 1 

(i) Initial Titration Study , For the induction of 
GVHD across minor histocompatibility barriers, an initial 
titration study was performed by transplanting 10 x 10 6 B10.D2 
bone marrow cells and increasing amounts (10-100 x 10 6 ) of 
B10.D2 spleen cells into lethally irradiated (8.0 Gy) 12-13 
week old BALB/c recipients . The regimen of infusing 10 x 10 6 
bone marrow cells and 100 x 10 6 spleen cells resulted in the 
most severe form of GVHD, and was selected for all subsequent 
experiments . 

(ii) Effect of Copolymer 1 Treatment on the 
Incidence, Onset and Severity of GVHD . Recipient mice were 
pretreated with 600 jag of Copolymer 1 (Batch I) or with the 
respective controls (PBS, HEL) on day -1. For the first five 
weeks after transplant mice were injected daily as outlined 
in Materials and Methods, followed by a tapering schedule 
over an additional four weeks. Data from three consecutive 
experiments are summarized in Figures 3A-D. Administration 
of Copolymer 1 significantly reduced the overall incidence of 
GVHD (as determined by typical skin changes and weight loss) 
from 100% (26/26, 10/10) in control mice to 12% (3/25) (P < 
0.001) in Copolymer 1-treated animals on day 30 after 
transplant and from 100% in controls to 12/25 (48%) on day 70 
after transplant (P > 0.02). Figure 3A depicts the onset of 
GVHD in individual mice of the different experimental groups. 
In 12/25 animals treated with Copolymer 1 the onset of GVDH 
was delayed with a range of 32-112 days after transplant 
(median of 73 days) as compared to control mice treated with 
either PBS (median onset of 21 days) or HEL (median onset 22 
days) . Nine of 25 animals treated with the observation 
period of 140 days after transplant (Fig. 3A) . Furthermore, 
treatment with Copolymer 1 improved overall disease severity 
as gauged by the disease severity score (Fig. 3B) and by mean 
body weight curves of transplanted animals (Fig. 3D) . 



Similar results were obtained with Batch II of 

Copolymer 1 . 

(iii) Effect of Copolymer 1 treatment on survival . 
Treatment with Copolymer 1 (Batch I) improved long-term 
survival from lethal graf t-versus-host disease. As shown in 
Fig. 3C, 14/25 (56%) of Copolymer 1-treated mice survived 
more than 140 days after transplant as compared to 2/26 of 
PBS treated or to 1/10 of HEL treated control mice (P < 
0.01) . Treatment with HEL did not improve long-term 
survival . 

Similar experiments were performed using 
Copolymer 1 Batch I (Fig. 4A) or Batch II (Fig. 4B) . Thus, 
treatment with Copolymer 1 for the first nine weeks after 
bone marrow transplantation improved long-term survival from 
lethal GVHD. 

(iv) Documentation of Engraftment . PCR analysis 
was performed 100 days after transplantation as described in 
Materials and Methods, to document long-term engraftment of 
allogeneic bone marrow cells. DNA polymorphism based on 
length variation in tandem repeat sequences of a 
microsatellite in the murine IL-1 gene was used as marker to 
differentiate between donor-derived (B10 . D2/nSnJ) and 
recipient (BALB/c) peripheral blood mononuclear cells. Long- 
term engraftment of donor-derived cells, i.e., complete 
chimerism, was demonstrated in allogeneic mice by PCR 
analysis irrespective of the treatment received. 

EXAMPLE 5 : Bone Marrow Transplantation in Mice, Induction of 
GVHD and Treatment with D -Copolymer 1 

(i) Effect of D-Copolymer 1 Treatment on the 
Incidence, Onset and Severity of GVHD . Recipient mice were 
treated with 60 jag of D-Copolymer 1 or PBS daily for the 
first five weeks after transplant followed by a tapering 
schedule over an additional four weeks. The dosage of 60 
ng/inj ection was selected based on the prolonged half-life of 
D-Copolymer 1 and was administered ip. Treatment was 



initiated on day -1 and after five weeks the frequency of 
injections was tapered to three times per week for the 
following two weeks and to two times per week for another two 
weeks. Once a week the D-Copolymer 1 was administered with 
incomplete Freund' s adjuvant ( I FA) ip as a depot dose. 
Treatment was discontinued after 9 weeks. 

The results are shown in Fig. 5 and Table 3. 
D-Copolymer 1 treatment reduced the overall incidence of GVHD 
after allogeneic bone marrow transplantation from 100% (7/7) 
in control mice to 43% (3/7) in D-Copolymer 1-treated animals 
on day 30. Two of seven animals treated with D-Copolymer 1 
did not develop any signs of GVHD beyond the observation 
period of 140 days after transplantation. Furthermore, 
treatment with D-Copolymer 1 improved overall disease 
severity as gauged by the mean disease score (Table 3) . 
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(ii) Effect of D-Copolymer 1 Treatment on Survival . 
Treatment with D-Copolymer 1 improved long-term survival from 
lethal graf t-versus-host disease. As shown in Fig. 5 and 
Table 3, 5/7 (71.4%) of experimental mice survived more than 
140 days after transplant as compared to 0/7 of PBS-treated 
control mice. 

EXAMPLE 6 : Prevention of GVHD in Humans 

(i) Patients . A protocol is established for 
patients aged 60 years or less and eligible for allogeneic 
bone marrow transplantation from histocompatible sibling 
donors for acute non-lymphoblastic leukemia or acute 
lymphoblastic leukemia not in first remission, chronic 
myelogenous leukemia not in chronic phase or relapsed 
patients with non-Hodgkin' s lymphoma. Without bone marrow 
transplantation, these patients have expected survival 
measured in months. The benefits for these subjects is the 
use of high dose therapy in curing their disease and the 
potential prophylaxis against morbidity associated with 
allogeneic bone marrow transplantation, such as GVHD. 

(ii) Conditioning Regimen . Patients are submitted 
to a conditioning regimen comprising fractionated total body 
irradiation by administering 120 cGy per fraction 2 to 3 
times daily over 4 days (days -8 to -5) to a total dose of 
1200 cGy, a multiple drug treatment including, e.g., 
etoposide (60 mg/kg) over 4 hours at day -4, cyclophosphamide 
(60 mg/kg) over 1 hour at day -2, antibacterial agents, and 
standard prophylaxis agents against GVHD, e.g., cyclospor ine, 
FK506, methotrexate and prednisone. 

(iii) GVHD Prophylaxis . Copolymer 1 is 
administered to the patient subcutaneously (sc), 
intramuscularly (im) or intravenously (iv) at a dosage of 1- 
500 mg twice daily. The treatment starts at day -2 before 
and is continued until day +60 after the allogeneic bone 
marrow transplantation (BMT) . This day is chosen since 



nearly all of the acute GVHD that may occur, will do so by 
day +40. 

Standard prophylaxis against GVHD with 
cyclosporine and prednisone is also continued. Cyclosporine 
is administered until the patient is able to sustain oral 
caloric intake and has no evidence of gastrointestinal 
toxicity (usually around the end of the first month, fourth 
week following BMT) , at a dose from 1.5 to 5 mg/kg iv twice 
daily, by infusion in the first 35 days and then orally (per 
os) until the end of the treatment (day +180) . Serum samples 
are obtained and, if necessary, the drug concentration is 
adjusted to prevent drug-related toxicities. The aim is for 
a level of cyclosporine between 200-500 ng/ml. 
Methylprednisolone is administered iv until patients can be 
switched to oral (p.o.) Prednisone. For example, it is 
administered iv at a dose of 0.25 mg/kg - 0.5 mg/kg from day 
+7 to +28 and p.o. at a dose of 0.4 mg/kg - 0.1 mg/kg until 
the end of the treatment (day +180) . 

The first phase of the treatment is to 
establish engraftment. If engraftment is established, the 
post-transplantation immunosuppression is then stepwise 
decreased. The first step is to stop the use of prednisone. 
If no GVHD occurs, then the use of cyclosporine is stopped 
(see statistical analysis) . At that time only the random 
copolymer is used as the immunosuppressive regimen. 

(iv) Statistical Analysis , Current engraftment 
success rate of bone marrow is close to 100% with a rate of 
about 50% at 20 days for patients satisfying the eligibility 
criteria of this protocol. Among these patients, the rate of 
relapse depends on the disease and remission status. The 
time to relapse curve is well approximated by an exponential 
curve over this interval. Both the engraftment rate at 20 
days and the relapse rate are monitored statistically as the 
data become available on other patients treated by the same 
protocol . 
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The engraftment rate at 20 days provides the basis 
for stopping early to avoid putting more patients at risk 
than necessary if the stem cells take longer to engraft than 
anticipated. The binary endpoint of success by the twentieth 
day is monitored by sequential test, using 20 as the 
hypothesized median based on past experience, and using a 
boundary for inferiority fixed to provide a Type I risk of 5% 
(one sided) and a degree of conservatism midway between 
constant p level and the O'Brien-Fleming approach. 

As the treatment proceeds, the data on relapse is 
also monitored, using the time to relapse as the endpoint and 
including all patients under treatment, whether engraftment 
is successful at the twentieth day or not. 

EXAMPLE 7: Effect of Copolymer 1 on Graft Rejection (HVGD) 
in the B10.D2 -> BALB/c Model 

The feasibility of using Copolymer 1 for the 
prevention of graft rejection was first tested on 
transplantation systems across minor histocompatibility 
barriers. Thus, recipient mice (BALB/c) were transplanted 
with grafts from another strain (B10.D2), but of the same H-2 
haplotype (H-2 d ) , such that donors and recipients differed 
only in minor histocompatibility antigens (transplantation 
across minor histocompatibility barriers) . This model 
closely resembles the clinical setting in the majority of 
human transplantations, in which donor and recipient are 
usually HLA matched. 

The effect of Copolymer 1 was compared to the 
effect of control PBS treatment in two transplantation 
systems : 

(i) Skin graft transplantation which usually 
results in a vigorous rejection process more difficult to 
suppress than other organ rejection (Isakov et al . , 1979); 
and 

(ii) Thyroid graft transplantation into the 
kidney's capsule which enables objective and quantitative 



38 



Ol 



indication not only of graft survival but also of the 
function (iodine uptake) of the transplanted thyroid tissue. 

To test the effect of Copolymer 1 treatment on skin 
graft rejection in the B10.D2 BALB/c model, BALB/c 
5 recipient mice were transplanted with skin grafts from B10.D2 
donors and treated daily with: PBS ip from day -7, 
Copolymer 1 (ip + sc) from day -7, Grafts were inspected 
daily. Rejection was considered positive when no viable 
donor epidermis remained. The results are summarized in Fig. 
10 6 and in Tables 4 and 6. The mean graft survival time (MST) 
in Copolymer 1-treated mice (600 ng/day) was 34 days in 
comparison to 26 days in PBS-treated mice (Table 6) . In 
y another experiment, treatment with 300 j^g/day Copolymer 1 

resulted in MST of 20.4 days and treatment with 600 |xg/day 
15 resulted in 20.6 days, while the PBS control treatment 

resulted in MST of 16.1 days (Table 4). Thus Cop 1 induced 
significant beneficial effect on skin graft survival in the 
B10D2 -> BALB/c system. 

To test the effect of Copolymer 1 treatment on the 
20 function of transplanted thyroids in the B10.D2 -> BALB/c 

model, thyroid glands from donors B10.D2 were transplanted in 
the kidney's capsules of BALB/c mice. After one week the 
transplanted mice were injected with 125 I, and the 
radioactivity of each kidney was measured 20 hours later. 
25 cpm was calculated by subtracting the 125 I absorbance of the 
untransplanted kidneys from the 125 I absorbance of the 
recipient kidneys in the same treatment. The mean function 
index (MFI) for each treatment was calculated by dividing the 
mean 125 I absorbance of (transplanted kidney - untransplanted 
30 kidney) in the tested treatment by the mean 125 I absorbance of 
(transplanted kidney - untransplanted kidney) in the PBS 
treatment, as follows : 

mean Acpm for the Cop 1 tested treatment 
MFI mean Acpm for the PBS tested treatment 

35 The results of thyroid transplantation are 

summarized in Figs. 7 and 8 and in Tables 5 and 7. The MFI 
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of the Copolymer 1-treated mice (600 jj.g/day) was 3.2 folds in 
one experiment and 5.2 folds in another experiment over PBS- 
treated mice. Thus Copolymer 1 treatment was significantly 
effective in preventing the functional deterioration of 
transplanted thyroid grafts in the B10D2-*BALB/c system. 

These results show that Copolymer 1 induced 
significant and prominent effect on graft survival and 
function in both skin graft and thyroid transplantation 
systems . 

Additional studies were then conducted with mice in 
order to establish the ability of Cop 1 to inhibit graft 
rejection of graft by host, using the two transplantation 
model systems described above while addressing the following 
aspects: (i) the effect of Copolymer 1 on HVGD in different 
murine strain combinations; and (ii) the effect of Copolymer 
1 on HVGD in comparison to the effect of other 
immunosuppressive drugs that are currently used for human 
transplantation, namely FK506 and cyclosporin A. 



Table 4 

Effect of Copolymer 1 Treatment on Skin Graft Rejection in 

the B10.D2 -+ BALB/c Model 



Treatment 


N 


MST* ± SD 




PBS 




26 


16.1 ± 2.2 




Cop 1 


300 ng/day 


10 


20.4 ± 4.5 


< 0.001 


Cop 1 


600 ng/day 


34 


20.6 ± 3.3 


< 0.001 


Cy A 


1 ng/day 


10 


17.8 ± 2.4 


> 0.05 


FK50 6 


300 ng/day 


19 


21.2 + 4.3 


< 0.001 



Mean Survival Time 

P values were obtained by analysis of variance 
(ANOVA) 



Table 5 

Effect of Cop 1 Treatment on the Function of Transplanted 
Thyroids in the B10.D2 -» BALB/c Model 



Treatment 


N 


Mean 125 I Absorption 


MFI* 










Transplanted 
Kidney (cpm) 


Un transplanted 
Kidney (cpm) 


cpm 






PBS 




10 


1193 


421 


772 


1.0 




Cop 1 


600 jag 


10 


2901 


450 


2451 


3.2 


0. 0005 


Cy A 


1 |ag 


4 


864 


312 


552 


0.7 


0.23 


FK50 6 


3 00 jag 


6 


3117 


693 


2424 


3.1 


0.002 



* The mean function index (MFI) for each treatment 
was calculated as follows: 

mean Acpm for the Cop 1 tested treatment 
MFI mean Acpm for the PBS tested treatment 

** P values were obtained by t test. 



EXAMPLE 8: The Effect of Copolymer 1 on HVGD in Different 
Murine Strain Combinations 

In order to find out whether the beneficial effect 
induced by Copolymer 1 on HVGD represents a general 
phenomenon, we tested the ability of Copolymer 1 to inhibit 
graft rejection in additional strain combinations. Three 
murine strain combinations: B10.D2 -» BALB/c in the H-2 d 
haplotype, C57BL -» C3HSW in the H-2 b haplotype, and B10PL 
PL/J in the H-2 U haplotype, were tested across minor 
histocompatibility barriers. 

After testing the model of recipient/donor mice of 
different strains, but of the same H-2 haplotype, we also 
tested rejection in mice transplanted with grafts from donors 
of another H-2 haplotype (transplantation across major 
histocompatibility barriers), a model of HLA unmatched 
transplantation in humans. 

Across major histocompatibility barriers 
transplantation was tested in C57BL BALB/c in the H-2 b -» H- 
2 d haplotype. All these strain combinations were tested with 



Copolymer 1 both using skin and thyroid transplantations as 
described in Example 7. 

As shown in Fig. 7 and in Tables 6 and 7, Copolymer 
1 inhibited graft rejection in all strain combinations as 
demonstrated by the prolongation of the skin graft survival 
(Table 6) as well as by the elevation in the thyroid iodine 
absorbance (Fig. 7, Table 7) in the Copolymer 1-treated mice 
in comparison to the PBS-treated mice. Copolymer 1 
significantly inhibited even the rejection of grafts from 
donors of different H-2 haplotypes (Tables 4 and 6) which 
usually induce a more potent rejection course than the 
rejection of H-2 matched transplants. These results indicate 
that Copolymer 1 is effective in suppressing immune rejection 
of grafts from various origins in different strain 
combinations, and thus may be effective in other species as 
well . 



Table 6 

Effect of Copolymer 1 Treatment on Skin Graft Rejection in 

Various Haplotypes 



Haplotype 


Treatment 


N 


MST* + SD 


B10D2 ->• BALB 
H-2 d 


PBS 


26 


16.1 ± 2.2 


H-2 d 


Cop 1 


34 


20. 6 ± 3.3 


H-2 b 


PBS 


9 


16.2 ± 1.0 




Cop 1 


9 


17.7 ± 2.1 


B10PL -» PL/J 
H-2 U 


PBS 


10 


15. 1 ± 3.5 




Cop 1 


9 


17 . 6 ± 5.1 


C57BL ->• C3HSW 


PBS 


18 


14 . 0 ± 1.8 


H-2 b H-2 d 










Cop 1 


18 


18.5 ± 3.3 



Mean Survival Time. 



Table 7 

Effect of Cop 1 Treatment on Thyroid Rejection in Various 

Haplo types 





Treatment 


N 


Mean 


125 I Absorption 




MFI* 










Transplanted 
Kidney (cpm) 


Untransplanted 
Kidney (cpm) 


cpm 






B10.D2 BALB 


PBS 


10 


1193 


421 


772 


1.0 




f T Ad 


















Cop 1 


10 


2901 


450 


2451 


3.2 


0 .0005 


B10.D2 -> BALB 


PBS 


5 


354 


180 


174 


1.0 




H-2 d 


















Cop 1 


5 


1035 


137 


898 


5.2 


0 .0014 


C57BL -» C3H 


PBS 


7 


893 


293 


600 


1.0 




n ^ 


















Cop 1 


4 


1643 


281 


1362 


2.3 


0.0023 


B10PL PL/J 


PBS 


7 


1201 


518 


683 


1.0 




H-2 d 


















Cop 1 


6 


2009 


332 


1677 


2.5 


0.0016 


C57BL-> BALB 


PBS 


8 


4021 


766 


3255 


1.0 




H-2 b -> H-2 d 


















Cop 1 


10 


10759 


924 


9835 


3.0 


0.002 



The mean function index (MFI) for each treatment 
was calculated as follows: 

mean Acpm f or ■ the Cop 1 tested treatment 
1 mean Acpm for the PBS tested treatment 

P values were obtained by t test. 



EXAMPLE 9 : The Effect of Cop 1 treatment on HVGD in 

Comparison to Other Immunosuppressive Drugs 

The effect of Cop 1 in comparison to the effect of two 
other immunosuppressive drugs that are currently used to 



prevent graft rejection in human transplantation, FK506 and 
cyclosporin A (CyA), was tested in the two model systems. 

BALB/c recipient mice were transplanted with skin grafts 
originated in B10.D2 donors and treated daily with: PBS ip 
from day -7, Cop 1 (ip + sc) from day -7, CyA ip from day -7 , 
and FK 506 ip 7 injections from day -2 before 

transplantation. Grafts were inspected daily. Rejection was 
considered positive when no viable donor epidermis remained. 
Thyroid glands from B10.D2 donors were transplanted in the 
kidney's capsules of BALB/c mice. The results are shown in 
Figs. 6 and 8, and in Tables 4 and 5. While CyA induced no 
significant beneficial effect in these systems, FK 506 
significantly improved grafts survival/function in both the 
skin and the thyroid transplantation systems. Cop 1 also 
induced significant beneficial effect on graft 

survival/function similar to the effect of FK 506. While Cop 
1 effect on skin graft survival was somewhat smaller than the 
effect of FK 506 (MST 20.6 for Cop 1 in comparison to 21.2 
for FK 506 (Table 4 and Fig. 6), Cop 1 was as effective as FK 
506, in preventing the functional deterioration of 
transplanted thyroid grafts (3.2 and 3.1 folds over the PBS 
control for Cop 1 and FK 506 respectively, Table 5 and Fig. 
8) . 

Having now fully described this invention, it will 
be appreciated that by those skilled in the art that the same 
can be performed within a wide range of equivalent 
parameters, concentrations, and conditions without departing 
from the spirit and scope of the invention and without undue 
experimentation . 

While this invention has been described in 
connection with specific embodiments thereof, it will be 
understood that it is capable of further modifications. This 
application is intended to cover any variations, uses, or 
adaptations of the inventions following, in general, the 
principles of the invention and including such departures 
from the present disclosure as come within known or customary 
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